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K 0SA - /297~

13 September 1962
#136-022

Dear Jack,

Inclosed for your information is a copy of a thermal
test report that we discussed on 30 August.,

The results indicate that good performance can be
achieved with the expected internal environment, The tests did not,
of course, simulate the external environment.

The preliminary test plan is also inclosed. The assump-
tions on which it is based may or may not be valid, but a meeting at
Ed M.?s shop is tentatively planned for the week of September 1l or
September 21, After the meeting a more detailed plan can be prepared
and a tentative schedule arranged,
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Tentative “P" Test Program —=2 August 7, 1962 -
Phage C = Thewmal (4 Flights)
' -1, Operats with blanket hesters for as long a flight profile

2.
3

4o

as possible, up to maximum vormal-crnise £1ight duration.
Repeat without blanket heaters.

Evaluate perfomancs versus time under simisted or real
f1ight profile conditions.

Use performance versus time data to fly complste programmed
focus and flight profile test.

 Phage D_ = System (3 Flights)

1.

2.
30
Yarlations:

Co )8}

Total system test.
Total system test.
Total systen test.

¢ In avent the wehicle operates at the predicted lower
spead capability, and at full sltitude, the following
changaes are antieipated:

a. The first thermal test (with blankat heaters)
will not be necessary. '

b. The test flight program would attempt partially
to simulate the final article condition to be
mat later. This gimilation would appear in onz
of the lattexr tests. Jor .

c. The V/H Seneing Device will/be operational.
Programmed V/H will be uged thyoughout. A gear

gf'i gg erz'og a“o ygigangsegeg?gg eognn a@m
cams will allow.

Coudltion II: In avont the wehicle san be operated at the predicted

lower spead capability, and at K20 to K25 altitude,
the following changes are anticipated:

a. The first theymal test (with blanket heaters)
will not ba necessary. '

bo Inasmuch as the V/H would bs approximately 0.029,
the V/H Sensor or & Programmed V/H could bo used
with the present cams and gears. Further inves-
tigation may desm it desirable %o make a gear
change so as to operate nearer the 400 cps
nominal drive freguency.
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. Tentative "P* Tost Program ——3 August 7, 1962

Ad O, H

_ 48 soon as the acutal test flight profiles are known, a pro-
gran of foous position versus time will be tentatively datermined from the
in-house thermal test data, Instrumentation will be planned sc as to monitor
this program in flight both thermally and for Yoous position.

A time schsdule to accompany this field test series will be
prepared as soon as actusl vehicle operation paranetors are known.

DIS: vkg
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MEMO FOR RECORD 0SA = [B 77 -42

Enclosures: 1, Table I - Tabulation of Several Measured and
Computed Temperatures

2, Thermal Photographic Tests - #13, #14, #15, and #16
and
Thermal Tests #17 and #18

3. Schematic Diagram of Simulated "Oven-Bay"
"Lens Cooling" Thermal Test Set-Up

Subject: Simulated Oven-Bay Thermal Test Results

I, Introduction:

This memo documents the results of a series of thermal tests
conducted "in-house" during the period from June 5, 1962, to July 26,
1962, The tests were conducted to provide a preliminary evaluation
of the basic features of our configuration thermal design. These
features will be incorporated, during future field tests, when the
system is subjected to a severe thermal environment.

As a brief review, the major thermal design features in ques-
tion include the insulated wall or so-called Oven-Bay enclosure surround-
ing the main optical window and panning mirrors, and a cocling jacket
which is furnished with controlled temperature cooling air around each
lens unit. Optical communication between the panning mirrors, located
inside the Oven-Bay, and the lens units, located outside the Oven-Bay,
is through two double-glass thermal vacuum window units mounted in
the oven-wall immediately in front of each lens unit. To carry away
heat flowing toward the lens elements from these windows, the lens
air cooling supply is first routed into a narrow cavity formed between
the vacuum window units and the front element of the lens assembly.

The overall ambient enviromment will be air at an absolute
pressure of 1.5 psi. The temperature at the lens units will remain
constant at about 84°F; however, within the Oven-Bay it is expected
that the temperature will range from ~20°F to 490°F. Accordingly,
the main optical window, the thermal vacuum window units, and the
panning mirror units will all be subjected to severe thermal transients,
potentially high heat fluxes and large thermal gradients during the
entire period of recorder operation. To minimize thermal gradients
and heat flows, the panning mirrors will be fabricated of either
aluminum or beryllium and the inside surface of the oven cavity will

be finished to a low emissivity.
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Simulated Oven-Bay Thermal Test Results =-2 July 31, 1962
» JIM=318

I, Introdyction: (Continued)

To date, we have had no actual flight experience with high
resolution optical recording systems operating within such an adverse
thermal enviromment; yet, an analysis indicates that the thermal de-
sign briefly described should provide adequate protection and enable
the system to produce good quality results. To gain some experimental
support for the adequacy of this design the "in-house" thermal tests
were designed to closely siumlate the conditions expected during opera-
tion with the actual hardware. In reality, it was not possible to
include those effects which will be produced by the main optical window
and external boundry layer, but otherwise the tests can be considered
close approximations to the actual situation.

11, Conclusion:

Excluding any unforseen disturbances that might be caused
either by the external boundry layer or by thermal gradients in the
main optieal window, which factors were not made a part of this testing
program, it may be concluded that our current "Oven-Bay - Lens Cooling"
design concept will be suceessful in providing an optically compatible
system and should enable our conficuration to perform and meet the
system resolution design goals within the anticipated surrounding
thermal environment.

This conclusion is supported by the test results in Section IV
of this report.

ITI, Summary of Recommendations and General Comments:

Functionally the "Oven-Bay -~ Lens Cooling" thermal design
concept is satisfactory, but a large amount of work still remains in
order to put the actual hardware into good working condition and to
mechanically fit it to the P=Model configuration. The assembly work
will be both time consuming and painstaking and extreme care will be
necessary to fulfill all design requirements,

The Oven-Bay walls and lower convection barrier must be
meticulously fitted to allow freedom of movement both for the sector
arms and for configuration attitude corrections. Further, the walls
must achieve their purpose of providirg a maximum of thermal insulation
and the least possible number of exposed holes and cracks. A con-
siderable amount of care will be required to locate and support both
the heating blarket and the aluminum hardshell inside the oven cavity
in order to avoid interference with the parning mirrors; and proper
attention must be given to providing the low emissivity requirement
(0.1 or less) on the interior surface of the cavity hardshell.
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Simulated Oven-Bay Thermal Test Results --3 July 31, 1962
’ JJM=-318
I11. Summary of Recommendations and General Commepts: (Continued)

To avoid the accumulation of volatiles, which can condense
in thin films on the panning mirrors and vacuum windows, all parts
used within the Oven-Bay must be thoroughly cleaned and pre-baked
at a minimum temperature of 500°F. In connection with this problem,
possible oil contamination of Oven-Bay parts, during operation, from
the vehcile cooling air may prove to be troublesome, and may necessi-
tate the use of an (ven-Bay plastic hood protsctor.

A critical review appears to be in order for all structural
fasteners used within the hot Cven-Bay in order to be certain that
they will not loosen-up during operation. In this review careful
attention should be given to the flexure pivots supports used for
mounting the panning mirrors.

The vacuum window units are satisfactory as currently designed
and fabricated; however, using the gold "emissivity-control" coating
as a window heater produced undesireable image results and therefore,
it will not be used for this purpose during future operation. Accord-
ingly, all electrical controls associated with these heaters can be
eliminated.

The controlled temperature air cooling system for each lens
unit works exceptionally well. It is self-balanced for air dis-
tribution, and following assembly will require only one pre-flight
test to adjust the recommended temperature control setpoint somewhere
between 83°F and 85°F. To avoid air "flutter" all forms of thin,
tubular, plastic film materials must be avoided in the air supply
duect work. In addition, all air handling components such as ductwork,
lens cooling air distribution plenums around the lens units, air
preheaters, gyro cooler, and the air filter must be securely mounted.

A potentially serious problem was discovered in connection
with the possibility of temperature damage to the surface of the mirrors
at temperatures over 400°F. A thorough investigation ‘should be made
to determine the reliability of the current coatings at high temperature
and possible methods by which the durability of these coatings can be
improved.

Complete success of our system requires, not only an individual
acceptable operational performance, but that it be compatible with
both the vehicle and stable platform interfaces. Mating of thermal
hardware with the vehicle and stable platform, should proceed at the
earliest possible date. In partieular, an early evaluation is needed
of the disturbing torques and resistances which the lens air cnoling
system and Oven-Bay convection barriers will add to the stabilization
system.
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Simulated Oven-Bay Thermal Test Results ==/ July 31, 1962
- ' JJIM-318
1V, Results and Discusgion

A.

Environment

An atmosphere of air at an ambient pressure level of 1.5 psia
(3.06" Hg abs) is sufficient te avoid atmospheric boiling and
optical "shimmer-pattern" degradations even with Oven-Bay wall-
to-wall temperature differences as great as 250°F,

At no time during the test program was evidence noted of "shimmer-
patterns" created by the heated air atmosphere within the test
cavity. Repeated examination for this effect was made by visual
observation, using a 100X microscope, under widely varrying tem-
perature gradients.

It might be added, that on one occassion an attempt was made to
determine the level of pressure which will cause atmospheric boil-
ing, In this particular test the cavity walls were not being
heated, but were maintained at the final steady state temperature
levels for the case of a non-heated Oven-Bay wall, An absolute
critical pressure value was never obtained, but it was observed
that a total pressure in the order of 2.5 psia appeared question-
able., As such, the intended operating level of 1.5 psia allows

an ample safety factor,

Air Cooling of Lens and "Leng-Vacuum Window" Cavity

At a cooling-air mass flow rate of 3 lb./min. which is first in-
Jected into the cavity located between the vacuum window and the
lens and next removed by passage from front to rear along and
through the lens assembly, no evidence of optical photographic
degradation of any type was detected. Numerous trials to induce
vibrations in the lens and other eritieal optical components by
cycling the air "on" and "eff", and by varylng the mass flow to

as high as 6 1b./min. all failed to show any degrading effects

on image quality. Repeated attempts to trace oceasional vibra-
tions back to this air supply system were unsuccessful. Intensive
study of the image with a 100X microscope, detected no atmospheric
boiling, or image "shimmer effects", induced by this cooling air
system over a range of vacuum window surface temperatures exceeding
400°F inside the oven test cavity. In fact, as reported under
miscellaneous findings, the cooling effect of this air system
actually avoided atmospheric boiling and "shimmer" outside of the
test cavity, which was eeeurring during initisl tests, when the out-
side surface of the inlet vacuum window became warm. At a critical
temperature level which was reached at about the midway-point of
each test, boiling would begin. The lens cooling air system, when
applied to this window, cerrected the problem.
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Simulated Oven-Bay Thermal Test Results ~-5 July 31, 1962
: JJIM-318

B. Air Cooling of Lens and "Lens-Vacuum Window" Cavity (Cont'd.)

The main purpose of this cooling air together with the attendant
air preheaters and temperature control system is to maintain an
isothermal lens throughout the entire operational mission. To
accomplish this, a pre-determined maximum lens temperature level
is selected, arrived at on the basis of expected maximum heat
gains to the lens from the Oven-Bay vacuum window. Prior to heat
generation within the Oven-Bay, the air preheaters maintain this
setpoint temperature, but as heat is evolved from the Oven-Bay,

a proportional temperature controller throttles the preheaters
off in order to maintain the lens setpoint temperature. Thorough
and numerous tests of this control system showed that it works

as designed, Variations in lens temperature across the first lens
element were less than 2°F, even when the air environment on the
underside of the cooling jacket was heated to about 145°F, and

the total variation in temperature from front to rear of the lens
never exceeded 3°F. This control was maintained under conditions
of air inlet temperatures varying up to 5°F, and with Oven-Bay
heat loads ranging from zero to steady state maximum. In addition
to recording temperatures, further evidence of control was obtained
by observing periodic increases and decreases in electrical power
supply to the preheaters.

C. Photgographiec Resolution

As listed in Step D, below, the photographic resclution, recorded
on S0-243 film using a USAF 1951 resolution chart (reproduced

4:1 lines/mm) was limited by a great number of factors. Neverthe-
less, resolutions made with both 1/60 sec. tungsten filament
expsoures and 1/1000 sec. strobe light (through a 0.4 N.D. filter)
exposures exceeded 100 lines/mm (both directions) throughout the
entire two hours heating period of all tests conducted without
heated cavity walls, but dropped to about 60 ~ 70 lines/mm from
about the midpoint to the end of each test where the cavity walls
were heated,

The decrease in resolution, on those tests employing the use of
heated cavity walls, apparently resulted from an introduction of
larger thermal gradients in the mirror, and greater unsymetry in
the center to edge temperature isotherms on the two vacuum window
units, These larger temperature gradients were a direct result
of an increase in the rate of heating of these optical components,
as influenced by the warmer cavity walls.

Resolution read with a 100X mieroscope was usually in the order

of 180-228 lines/mm regardless of the various test conditions and
parameters, On occasion, during those tests where the cavity walls
were heated, microscope readings as low as 128 lines/mm were obtained,
but there was always the question as to whether these low readings
might not actually have been caused by building vibrations. Micro-
Scope examination never revealed elear, unmistakeable evidence of
imege astigmatism caused by thermal effects, although on occasion,
usually in the case of a heated cavity wall test, some astigmatic

signs were indicated, '
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Simulated Oven-Bay Thermal Test Results -6 July 31, 1962
. JIM-318

C. Photographic Resolution (Cont'd.)

All photogrephs and microscope readings were made with a red
filter in the system located in the optieal path just ahead of
the vacuum window unit which admitted the image from the collima-
tor to the test chamber.

Because of vibration and lack of source intensity, the 1 ms strobe
exposures were much more reliable and more repeatable from test

to test than were the 1/60 sec. tungsten filament exposures.
Enough crossover data was obtained, under fairly ideal conditions
of vibration and exposure light intensity, however, to affirm

the fact that the 1/60 sec. exposures under proper conditions
resulted in giving nearly equal resolution readings. Thus, it

is believed no favorable advantage has been taken in reporting
resolution readings made with the 1 ms strobe light source.

In all tests, inspection of resolution as a function of mirror
thermal hisotry definetly showed a loss in resolution as the
recorded rear surface mirror gradients began to peak. The gradient
usually peaked at about 40 minutes, following which this peak
decreased only slightly throughout the balance of the two hour
test. With regard to this fact, it should be mentioned at this
point, that these tests were all conducted with considerable dis-
advantage in terms of mirror thermal gradients, All tests involved
starting with & cold 75°F mirror and raising the surrounding wall
temperatures rapidly to 500°F in accordanse with the anticipated
rate of heating during the second phase of the actual mission.
Thus, this test condition imposed a severe thermal gradient be-
tween heat source and the mirror with subsequent high flux heating
during the entire photographiec period of the test. Under actusl
operational conditions the mirror will be preheated during the
first phase of the mission to about the same temperature level
to which the mirror arrived near the end of these tests. In other
words, the mirror will be preheated prior to actual system opera-
tion and the thermal gradisnt between both the mirror and the oven
walls and between the mirror and the optical window, will be much
smaller (less than one half over the entire mission5 than it was
in these tests, This in turn will produce less heat flow to the
mirror and result in much smaller mirror thermal gradients. Since
resolution is definitely a strong inverse functicn of mirror dis-
tortion, the optical limitations from this thermal gradient source
will be considerably smaller under actual operating conditions,
It might further be stated that mirror thermal gradient improve-

5 ments will be achieved, during actual operation, as a result of
the panning action of the mirror.
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Simulated Oven-Bay

D,

rmal Test Results ==7 July 31, 1962
JIM-318

Photographic Resolution Limited Bx‘-

1. Building and equipment vibration and camera shutter vibration.

2. Poor surface quality (greater (poorer) than 0.1 wave flatness)
of mirror, particularily in pheripheral areas which were in-
cluded in the optical path of these tests. Also, the surface
was badly scratched, pitted, and discolored. Further, during
each test, the mirror accumulated to a greater or less extent
a thin film of fog by condensing volatiles released from other
materials contained within the heated enclosure.

3. Thermal gradients within mirror and somewhat non-linear thermal
gradients within the two vacuum window units.

4. Lack of achieving best image focus because of a continuous
change in system focus resulting from the vacuum window
thermal gradients,

5. Lack of achieving best image exposure on the SC-243 film re~
cord of the photographic results. This was caused by foreign
material deposits on the mirror surface, optical path vignetting,
and the use of two heat reflecting coated (light restricted)

- vacuum window units in series.

6. Accumulation of dirt, lint, oil films, etc., on the vacuum
window surfaces and various lens elements. An attempt was
made to keep the windows clean, but nothing could be done to
clean the interior of the lens.

7. Mirror flexure pivot supports were somewhat loose and per-
mitted mirror vibration.

Note: Numbers 1, 2, 4, 5, 6, and 7 should not be present
in actual system operation.

M T Gradient

The exact difference between thermal effects on the mirror for

the case of heated versus non-heated cavity walls is hard to de-
fine from these tests. In the case of measurements made with
thermocouples that were buried within the mirror, 1/4" from the
front face on 4" diemeter and 8" diameter isotherms, there was

no apparent difference in any of the isotherm temperature readings
for the case of non~heated cavity walls, but about a 1°F differ-
ence in several of the readings when the cavity walle were heated.
For the casze of surface temperature measurements, taken on the
back side of the mirror, the effect was more noticeable as shown
by the fact that a maximum gradient (read from center of mirror
to chamfered top corner) of 1/°F was measured for the case of

heated oven walls, and only 8°F (43% reduction) for the unheated

case.,
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Simulated Over-Bay Thermal Test Results --8 July 31, 1962
. JIM-318
E. Mirror Thermal Gradients (Cont'd,)

Regardless of the gradients obtained in this test series, the

data is probably not'too meaningful in terms of predicting what
can be expected during actual operation since the rate of mirror
heating and subsequent thermal gradients will undoubtably be much
less in actual operation due to the eperational mirror preheating
cycle explained under Step C. above. Further, the actual Oven-Bay
to mirror geometry is considerably different in the case of con-
figuration hardware which will also influence the operational
temperature gradient,

Vacuum Window Thermal Gradients and Heating Symetry

A general summary of the vacuum window gradients and possible
degree of heating symetry follows:

All data is based on tests using low emiggivity cavity walls,

1. The maximug temperature gradient from center to edge
of the window was -

a. -28°F inside the oven and -10°F outside the
oven (in lens cooling cavity) for the case
of heated oven walls and was

b, =~23°F inside the oven and -/°F outside the
oven for the case of a non-heated cavity.

2. The largest difference between four edge temperature
readings taken at 90° intervals around 360° of the hot
side of the vacuum window was 6°F in the case of a
heated oven cavity, and 4°F in the case of non~heated
walls,

3. The maximum amount of apparent unsymetry in center to
edge gradient on the cool side of the window (inside
lens cooling cavity) as determined by the greatest
variation in edge temperature from an average edge
temperature was about 6°F for both the case of heated
oven walls and for the case of non-heated walls.

From this data, it can be seen that in these tests a slight
improvement was obtained in terms of smaller thermal gradients
and perhaps greater heating symetry in the case of non-heated
oven walls; but, since the actual hardware geometry will be
different, it cannot be definitely concluded that non-heated
Oven-Bay walls are an advantage from this standpoint.
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Simulated Oven-Bay Thermal Test Results -—9 July 31, 1962
JIM=31%8

G, Heated Covity Wall Comments:

On the basis of the film resolution data and the misecellaneocus
window and mirror gradients obtained on these tests, and dis-
cussed in orevious sections, one might conclude that non-heated
oven walls are definitely superior to a heated c.vity and that
accordingly, we should not employ a heating blarket in the QOven-
Bay. In the actual case of operating with confisuration hardware,
the situntion will be different. As previously exnlained, the
mirror will be preheated and will be moving, and thus the tempera-
ture gradients will be much smaller even with heated cavity walls.

Of even greater significance however, is the fact that these tests
included no data on the effects which thermal gradierts in the
main optical window will have on the system or cn the effects of
fairly larse heat leaks in the Oven-Bay walls. The actual opera-
tional performance of our system will be influenced by both of
these factors which originally formed part of the justification
for oven-wall heaters in our design.

In terms of possible benefits to the optical wirdow, heating the
oven walls, will reduce heat flow fr-m the main ontical window
which in turn will minimize window thermal pradients (See Step P.S.
Below). Relative to oven-wall heat leaks, the actual cor.fipura-
tion wall hardware is very cut-up ard is nct a uniform wall
thickness; also, it will be further complicated in respect to

heat leaks due to the lower convection barriers. Oven-wall
heaters shculd definitely be advantageous in countering the
effects of heat leaks from this construction.

Tentatively, it will be planned to be able to operate either with
or withiut an (ven-Bay heating blanket in the P-'odel configruation,

H. Cven Cavity Wall Finish

Clear, evidence was obtained that a low emissivity (this is, such

as can be obtained by a shiny polished aluminum surface) oven cavity
produced lower thermal gradients, particularily in the mirror, than
did a high emissivity cavity surface, and accordingly, oroduced some
improvements in the photographic resolution of the tests. This effect
was much more pronounced, as would be expected, in the case of heated
oven cavity walls, in which case about a 30% reduction in the mirror
rear surface thermul gradient was achieved witk the low emissivity
cavity walls. No problems of light scatter or flare was evident
during use of the pol:shed aluminum walls.

It will be planned to use a low emissivity oven cavity surface in
the confipgurstion. It might be added th:-t this feature also makes
a sizeable reduction in total heat input to the system, which is a
desireable characteristic. The désireability of a low emisgivity
cavity surface was also formerly shown by computations.
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Simulated Oven-Bay Thermal Test Results --10 July 31, 1962
. JIM=318
I. Vacuum Window Heaters .

One short test was conducted using the heater coating on one of
the thermal vacuum window units in an effort to reduce thermal
gradients between the inside glass surface and the heated cavity
surround. The heater and control circuit worked perfectly, but
the rapid thermal transient and miscellaneous thermal gradients
imposed on the window caused complete loss of image resolution.
This effect was most clearly observed by inspection with the
microscope and it persisted for as long as 10 minutes following
turning the window heater off.

It has been decided not to use these heaters on the configuration
hardware in which case the vacuum window surface will operate as
a floating thermal potential influenced only by the relatively
mild and fairly uniferm heat fluxes it receives from the oven
cavity, This will result in'a thermal gradient as high as 250°F
between the window surface and the walls of the oven cavity, or
about one half this amount between the window surface and the
Oven-Bay ambient; however, there is no evidence that this large
temperature gradient will result in degrading the image by caus-
ing atmospheric turbulence in the optiecal path.

Optical Window Emissivity

Even though it is currently planned that operation will be nec-
essary without a true low emissivity coating on the main optical
window, a series of tests were conducted, as a matter of interest,
using a low emissivity source (bottom of the test box) in con-
Junetion with low emissivity cavity walls. Considerable improve-
ments were noted over those tests where the source was of normal
glass emissivity, namely:

1. The mirror rear surface thermal gradients were
reduced about 40% in the case of non-heated
cavity walls, but there was little or no change
in the case of heated cavity walls.

2. The total power input wes reduced perhaps about 20%.

3. The average mirror temperature was reduced about 50°F
in the case of non-heated cavity walls, but little
change in the case of heated cavity walls,

4. The center of the inside surface temperature of the
lens vacuum window unit was reduced about 90°F in the
case of a non-heated oven cavity wall and about 30°F
in the case of a heated cavity wall.
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J. Optical Window EFmigsivity (Cont'd.)

While this data shows it is definitely desireable to have a low
emissivity on the surface of the main window, optical considera-
tions require that this be accomplished by means of an extremely
thin gold coating, and thermal test experience has repeatedly
shown that these thin coatings do not serve to thermally provide
a low emissivity source. The thickness requirements for thermal
considerations are at least 1000X greater than can be tolerated
optically.

K. Focus Shift

A focus shift of approximately 0.014" maximum, in the negative
direction, resulted from the thermal gradients produced in the
various optical system test components used in this test series.
It is believed the major influencing factor was edge to center
gradients in the two vacuum window units which in effect added
optical power to these four pieces of glass., Since the eventual
system will use only one vacuum window unit in series with the
main optical window, and since it is hoped to avoid a gradient
in the main window, by proper emissivity control around this unit
and by employment of a heated interior oven-cavity, the opera-
tional focus shift due to thermal environment may be less than
this 0.014". In any case, a value of 0.014" does not appear
unreasonable.

L. Temperature Controllers and Sensors

The action of all temperature sensors and controllers for both
the oven cavity heating blankets and the lens cooling air pre-
heaters were entirely satisfactory. The control sensitivity
was within the design specifications established for these
systems,

M. Heating Blanket and Air Pre-heater Power

While the test system oven-cavity was not exactly like the Cven-
Bay hardware intended for operation, it was close enough to verify
that the computed value of 700 watts for the capacity of the Oven-
Bay heating blanket will be satisfactory to control the oven walls
at the same temperature as the optiecal window through the entire
period of transient heating.

Based upon 78°F air supply to the lens cooling air pre-heaters

a total pre-heater capacity of 100 watts for front and rear lens-
duct air pre-heaters (60 watts front and 40 watts rear) will be
satisfactory. The steady-state temperature control set point for
the lens units should be somewhere between 83°F and 85°F, the exact
value is not important.

Approved For Release 2002/10/16 : CIA-RDP67B00511R000100140014-1




Approved For.ease 2002/10/16 : CIA-RDP67BOOS1.00100140014-1

Simulated Oven-Bay Thermal Test Results --12 July 31, 1962
JIM-318

N. Vacuum Window Heat Gains

Maximun heat gains through the vacuum window units to the lens
cooling air systems will be in the order of 150 BTU/hr. + 100 BTU/hr.
for each lens system, depending on the level of vacuum in the

window units, Failure te achieve high vacuum in the window units
will not result in serious heat flows, air turbulence between the
pieces of glass, or other thermal-optical degraudation. Maintain-
ing a good vacuum is desirable from the standpoint of raising the
temperature of the glass surface inside the oven cavity thereby
reducing its thermal effects on the mirror.

Employment of a heat reflecting coating on these window surfaces

is essentially non-effective from a thermal standpoint and accord-
ingly if significant benefits in terms of increased exposure can
be derived by not employing these coatings their use, at the vacuum
window location, can be eliminated.

0. Surface Temperatures

Considering differences in geometry, weight, thickness of thermal
insulation, etc., between the test cavity and those used for com-
putations on the actual hardware, the experimental data temperature
measured on various surfaces agreed well with those anticipated

by computation. For a compilation on seme strategic points, see
Table I, Also attached to this report are temperature curves

drawn for tests #13 through #18. These tests cover the cases of
high and low emissivity oven cavities, both with and without heated
oven walls, for the simulated case of a high emissivity main optical
window. Also plotted on the curves, as a function of time and
temperature, are film and microscope resolution values, focus change,
lens temperature hisotry, and miscellaneous notes applicable to

each individual test. The curves identified as "aim curves" are
based on computations of expected performance with the actual
hardware. These curves are typical of all others conducted in

the experimental program,

P. Miscellanesous Findings

1. Al)l materials planned for use in the Oven-Bay must be care-
fully selected for compatibility of operation in an environ-
ment of 500°F and 1.5 psia, All parts of the entire Oven-Bay
assembly must be degreased or otherwise cleaned and pre-baked
at 500°F - 600°F for several hours to thoroughly remove all
materials which volatilize below 500°F. Otherwise, these
volatiles will condense on the cool mirror surface as a re-
sult of the mirror thermal time lag during system operation,
and will greatly effect the light intensity and exposure '
level. Also, this film of condensate produces a very diffuse
type of 1ight source whieh in itself degrades the image quality.
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P, Miscellaneous Findipngs (Cont'd.)

2. The high mirror temperatures can result in blistering of the
aluminizing and silicon monoxide overcoats on the mirror sur-
face. This effect became noticeable between 4LO0°F and 450°F.

3. The wide ranges of cyclic temperature on the mirror can result
in loosening the flexible pivot mounting bolts. This causes
lack of mirror support with subsequent inducement of mirror
vibration.

4. The outside surface temperature on the first piece of glass
in the vacuum window unit, if not cooled by the lens cooling
air system, was warm enough to cause severs atmospheric boil-
ing, in the optical path outside the vacuum chamber, at 14.7
psia ambient pressure, This resulted in complete loss of
image resolution. Hewever, operation of the lens air cooling
system wherein cooling alr is injected into the cooling cavity
located between the outside surface of the vacuum window unit
and the first element of the lens, prior to its passage along
the lens barrel, completely avoided this problem even at the
high pressure level of 14.7 psia. This offers positive proof
that this air cooling system will cause no image loss as a
result of air motion particularly when the actual system will
be operated at a pressure of only 2.0 psia,

5, The striped pattern (.345" wide stripes and .015" clear spaces)
used to make a heater out of the heat reflecting coating used
on one glass surface of each vacuum window unit caused no
apparent optical image degradation.

6. The injection plenum design used to first introduce the lens
air cooling air into the lens vacuum window cooling cavity
(forward of the first lens element) will provide a uniform
distribution of air around 360°F of the cocling cavity. This
was checked by observing various cavity surface temperatures
following the injection of a supply of heated air. The lens
cocling air pre-heaters, located in this plenum, were used
to heat the air which in turn offered further evidence that
the heater design provides uniform heating of the lens jacket
cooling air.

7. The use of thin plastic sheet materials such as .003" poly-
ethylene tubing for the lens cooling air ducts can cause
serious air "flutter" particularly if a slight bend is made
in the direction of air flow. In no case should this type
of ducting be used, as has been suggested to conserve weight.

8. These tests were all conducted with a uniform power imput to
the bottom heating blanket. This heater was used to simulate
the heat input which will oeccur from the main optical window
in the actual vehicle., In all te-ts a substantial gradient
(50°F - 100°F) occurred between the center of the bottom and
the edge, even with the constant power input surface density.
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P, Miscellaneous Findings

8.

(Cont'd.)

This would indicate strong convective cooling effects which
usually occurs in a cellular-type pattern inside enclosures

of this type. This effect was less pronounced in those tests
where the inside cavity walls were also heated, and thus lends
support to the use of & heating blanket for reducing window
gradients in the actual vehicle. '

In the actual vehicle, the power input density will undoubtedly
not be uniform but will mést likely be higher at the edges.
This, of course, is in the right direction since the additional
inside cavity cooling effects at the edges will tend to cor-
rect this situation resulting in less window edge-~to-center
gradient than would otherwise exsit.

An interesting observation made during these testas which may
prove to be practical significance in reducing center to edge
gradients in the windows was made during Test #17. It was
noted that one thermocouple used to measure edge temperatures
of the vacuum window, inside the oven cavity, was reading as
much as 10°F lower than all of the other edge thermocouples.
The reason resulted from the accidental protrusion of a

1/9 x 1/8 mesh fine aluminum wire screen in front of the
thermocouple, It would appear that purposeful employment of
such wire mesh in front of the windows, with perhaps graduated
mesh density from center to edge would greatly reduce the
actual window thermal gradient. A loas of light would re-
sult, but the loss would probably be tolerable. It is doubt-
ful that a serious defraction pattern would occur for locations
ahead of the lens,

V. Experimental Set-Up and Test Apparatus

The attached schematic sketch shows the general arrangement

of the test set-up. Following is a description of the major equip=
ment components. Photographs of the apparatus were taken, but are
not being made part of this report.

1. Image Source

U.S.A.F. 1951 reselution chart (reporduced 4:1 lines/mm)
projected through the special 84" collimator test fixture
system by means of either a 1 ms strobe light or a 500
watt tungsten filament bulb.

2. Vacuum Window Units

P-Model design Drawing Number P-700-D-001, twe surfaces
coated with special gold heat reflecting coating. One
of these coatings, on each unit, was scribed to form
coating stripes to be used as a heater for these windows.
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V, E imental Set~Up and Test A a (Cont'd.) '
3. Mirror

2-3/4" overall height (1/2" minimum thickness) ribbed
aluninum unit, Drawing Number P=;00-D-104, provided with

a fused porcelain surface followed with a series of silicon
monoxide coatings (polished between coatings) then alum-
inized and finally overcoated with silicon monoxide.

Surface, prior to teat series, exhibited visible crazing
and was considered unusable for flight testing in P-Unit,
Optical flatness was within 0.1 wavelength in center por-
tion, but questionable in peripheral regions.

4o Mirror Support

Special Test Assembly, Drawing Number T-137, mounted to
one of the side walls of the vacuum box enclosure.

5. Vacuum Enclogure, Cavity Wall Heaters and Controls

Special 2' x 2' x 2' x 1/8" thick waell aluminum box rein-
foreed with 2" x 1/4" aluminum ribs on 4.8" centers, one
wall removable per Drawings Numbers T1-P-700Ey145, =146,
and =147. Box insulated with 2-3/4" thickness of Owens
Corning CM=-215 insulation. All walls heated with special
Chromolox, fiberglass coated resistance wire mesh heating
blankets (See Step V.11l. below for power). Temperature
control provided with Minco Products #S8B sensors and
Harrell Model #TC-100 relay type temperature controller.
Inside cavity dimensions 1.5' x 1.5' x 1.5'. Inside cavity
wall emissivity provided by special finishes on 0.020"
aluminum plates located against face of heating blankets.

6. Leng
J26, f£/4, 21" lens, air jacketed, F-Model design.

7. Camera

Kodak Signet 80, lens removed. Focus controlled with a
special micrometer screw arrangement and dial gage in-
dicator.

8. Lens Cooling Air Pre-heaters, Temperature Controller and
Air Injection Manifold

P-Model air jecket design per Assembly Drawing Number
P-700-E-035; 60 watt front jacket and 40 watt rear jacket
heaters Drawings Numbers P-700-D-036 and P-700-B-079;
Minco Produots #S9B self adhering temperature sensors
and Harrell Model #TC-202 proportional temperature con-
troller.
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V._ _Experimental Set-Up and Test Apparatus (Cont'd.)

9. Microscope
B and L 100 power.
10. Thermometry

30 game copper-corstantan, fiberglass insulated thermo-
couples attached with spacial aluminum coated fiberglass
high temperiture adhesive tape (°D455). Readings recorded
by a Minneapolis-Honeywell Type 153 Universal Electroniie
Multipoint Temperature Recorder (0°F to 500°F range).

11. Heating Blanket and Air Pre-heater Temperature and
Electrical Controls

A special electrical control box was fabricated to include
heating blanket, lens cooling air heater, ard vacuum window
heater temperature controllers, relays, "on-off" switohes,
reference resistors for lens air heater controllers, and
miscellaneous interconnecting control wiring per Wiring
Drawing Number T1-700-D-222, The blanket temperature
sensing elements were purchased from Minco Produgts, and
the temperature controllers were purchased from Harrell.
These are the same units that will be used in the actual
configuration. The cavity wall heating blanket electriecal
powver consisted of a regulated 130 V, 1 PH, 60 cycle
supply to the primary of a transformer, and 27 V secondary
supply ta the five cavity wall heating blankets during
automatie operation. This provided about 700 watts total
power to the five cavity wall blankets. The reference
heating blanket, on the bottom of the box, was furnished
with 130 V line power stepped down to the desired level
for achieving the time-temper:ture reference aim eurve

by means of a manually operated variae., Electrical supply
to the lens cooling air duct heaters and vacuum window
heaters was a 22 V dc source chopped at a 400 cycle rate
by the Harrell proportional temperature controller.
Maximum ~utput voltage from this controller to the duct
heater is about 25.5 V. Total maximum power to the lens
cooling air pre-heaters was about 100 watts (3.9 &),

12. Vacuum Source

Velson Model #911 vacuum pump. Vacuum measured with
0 = 29.9" Hg calibrated vacuum dial gage.
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V. Experimental Set-Up and Test Apparatus (Cont'd.)

13. Cooling Air Supply

Six pounds per minute (3 pounds per minute to each vacuum
window cooling cavity) metered through a Fisher-Porter
Flowrator from the 80 psig building air supply facility.
Air cooled to 75°F - 78°F, prior to use, by passage into
a "can-interchanger" air-cooled on the outside by air
ducted from the building air conditioning system.

JIM: rkg

Enclosures (8)
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